Underlying Mechanisms of Zymographic Diversity in Starch Synthase I and Pullulanase in Rice-Developing Endosperm.
Amylopectin is synthesized by the coordinated actions of many (iso)enzymes, including ADP-glucose pyrophosphorylase (AGPase), starch synthases (SSs), branching enzymes (BEs), and debranching enzymes (DBEs). Here, two polymorphic forms of starch synthase I (SSI) and pullulanase (PUL) in rice-developing seeds, designated as SSI-1/SSI-2 and PUL-1/PUL-2, were discovered for the first time by zymographic analysis. The SSI and PUL polymorphisms were strongly associated with the SSI microsatellite marker (p = 3.6 × 10(-37)) and PUL insertion/deletion (InDel) markers (p < 3.6 × 10(-51)). Western blotting and mass spectrometric analysis confirmed that the polymorphic bands were truly the SSI and PUL enzymes. Only one non-synonymous variation in SSI DNA sequence (the SNP A/G) causing the change of the amino acid K438 to E438 was observed, which coincided well with the polymorphic forms of SSI. Nine non-synonymous variations were found between PUL-1 and PUL-2. Two non-synonymous variations of PUL (F316L and D770E) were identified by mass spectrometric analysis, but all of the variations did not change the structure of PUL. The co-immunoprecipitation results revealed the differences in protein-protein interaction patterns, i.e., strong or weaker signals of SSI-BEI and SSI-BEIIb, between the two forms of SSI. The results will enhance our understanding of SSI and PUL properties and provide helpful information to understand their functions in starch biosynthesis in rice endosperm.